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(m) Multiplanar hybrid coupler. 

(57) A microwave directional coupler comprises a 
dielectric coupler board (15), elongated metallic 
flat conductors (25a 25b) deposited on front 
and back surfaces (20a, 20b) of the board and 
having respective central strip portions (26a, 
26b) electrically broadside coupled with each 
other through the board, and respective right 
and left hand lead portions (28a, 27b), (27a, 28b) 
terminating in ports 29, 49 at the bottom mar- 
gins (22a, 22b) of the board. Metallic ground 
plane regions (50, 51, 52) cooperate with those 
flat conductors to form corresponding micro- 
wave transmission lines comprising respective 
signal conductors provided by said flat conduc- 
tors and respective grounded conductors pro- 
vided by said regions. The ground plane regions 
are in the form of expanses of metallic layers 
deposited on the same surfaces of the board as 
are such flat conductors. Ground plane regions 
on opposite sides of the board are electrically 
connected by plated-through holes (80-89, 
90-98) passing through the board. The coupler 
board is vertical and stands on a dielectric 
support board (110) having metallic connector 
strips (120-123) thereon for connecting the 
ports of the flat conductors to external circuit 
elements (134). 
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Field of the Invention 

This invention relates generally to microwave di- 
rectional coupler devices for electromagnetically cou- 
pling a plurality of two-conductor transmission lines, 5 
each comprising signal conductor means and ground 
conductor means, to provide for transfer of microwave 
energy between the two lines. 

U.S. Patent 4,882,555 issued November 21, 
1 989 in the name of M. N. Wong for "Plural Plane Wa- 10 
veguide Coupler" discloses microwave coupler com- 
prising circuit board in the shape of a square to have 
four peripheral margins. The board comprises a di- 
electric substrate having top and bottom surfaces, 
and top and bottom metallic pads centrally located on, is 
respectively, those top and bottom surfaces and dis- 
posed opposite each other through the board to be 
broadside coupled with each other. Two top metallic 
strips extend from junctions thereof with opposite 
ends of the top pad to two respective ports at the top 20 
and bottom margins of the board. Two bottom metallic 
strips extend from junctions thereof with opposite 
ends of the bottom strip to two respective ports at the 
left and right margins of the board. The pad and strips 
on each of the top and bottom surfaces of the sub- 25 
st rate are bordered by slots by which they are spaced 
from expanses of metallic sheets on those surfaces 
and covering the entire areas thereof outside of said 
slots. 

The Wong coupler has the disadvantage that its 30 
four ports are each at a different one of the four per- 
ipheral margins of Wong's circuit board so as to make 
it difficult and expensive to couple the Wong coupler 
to external microwave circuitry. Another disadvan- 
tage of the Wong coupler is that it is wasteful of space. 35 

Summary of the Invention 

The foregoing and other disadvantages of the 
Wong coupler are overcome according to the inven- 40 
tion hereof by improved coupler devices of the char- 
acter set forth by the appended claims. 

Brief Description of Drawings 

45 

For a better understanding of the invention, ref- 
erence is made to the following description of an ex- 
emplary embodiment thereof, and to the accompany- 
ing drawings wherein: 

FIG. 1 is a plan view of an improved directional so 
coupler according to the invention and compris- 
ing a coupler assemblage and a support assem- 
blage which mounts, and provides connections 
for, the coupler assemblage, such support as- 
semblage being shown broken-away in FIG. 1 ; 55 
FIG. 2 is an isometric view of the front side of the 
FIG. 1 device; 

FIG. 3 is an isometric view of the back side of the 



FIG. 1 device; 

FIG. 4 is a front schematic, elevational view 
which is a superposition of respective elevational 
views which would be seen of the front and back 
sides of the coupler assemblage, if the viewer 
were to look, in the front-to-back transverse di- 
rection, towards, through and past such assem- 
blage; 

FIG. 5 is a "see-through" front elevation view 
which is like FIG. 4, but in which elements on the 
front and back sides of the coupler assemblage 
are shown by, respectively, solid lines and dash 
lines; 

FIG. 6 is an enlarged view of the circled left-hand 
portion of FIG. 5; 

FIG. 7 is an enlarged view of the circled right- 
hand portion of FIG. 5; and 
FIGS. 8 and 9 are fragmentary enlarged cross- 
sectional views of portions of the FIG. 1 coupler 
assemblage as such portions would be seen if 
the coupler board of the assemblage were to be 
horizontal with its front surface being on top, 
such figures being schematic representations of 
operating characteristics of such assemblage 
and not being to scale, and the showings of which 
are not to be taken as necessarily being quanti- 
tatively accurate. 

In the description which follows, elements which 
are counterparts of each other are designated by the 
same reference numerals having different alphabeti- 
cal suffixes to designate different of those elements, 
and it is to be understood that a description of any of 
those elements shall, unless otherwise indicated by 
the context, be taken as being also applicable to any 
counterpart of that element Moreover, while the in- 
vention may be described and/or claimed in terms of 
coordinates such as, say, "vertical" and "horizontal", 
the invention is not limited to any particular orienta- 
tion thereof. 

Detailed Description of the Embodiment 

Referring now to FIGS. 1 and 2, the reference nu- 
meral 10 designates a directional coupler device 
which is a representative embodiment of the inven- 
tion hereof, and which comprises a coupler assem- 
blage 11 and a connector assemblage 12 which 
mounts component 11 and provides connections 
therefor. 

The coupler assemblage 11 comprises a sub- 
strate or body 111 of dielectric material which in the 
device 10 takes the form of a planar rectangular cou- 
pler board 15 constituted of dielectric material 16. 
Board 15 extends in the transverse dimension which 
coincides with the direction of its thickness, and the 
board also extends in the longitudinal and lateral di- 
mensions which are normal to the transverse dimen- 
sion. In the figures hereof, the longitudinal and trans- 
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verse dimensions are horizontal whereas the lateral 
dimension is vertical. 

The board 15 has two parallel planar surfaces 
20a and 20b which are on transversely opposite sides 
of the board to be spaced from each other by the 5 
thickness between those surfaces of the board's di- 
electric material. Those surfaces 20a and 20b are 
front and back surfaces, respectively in relation to 
one direction in the transverse dimension. That direc- 
tion is hereinafter referred to as the front-to-back to 
transverse direction and will be used hereinafter as 
a reference direction in describing various elements 
of the coupler device and, in particular, in describing 
left-right relations therebetween. 

Considering now the front surface 20a, (FIG. 2) 1 5 
it is rectangular in shape and has a top peripheral mar- 
gin 21a, a bottom peripheral margin 22a and side per- 
ipheral margins 23a and 24a which are left and right 
margins, respectively, in relation to the front-to-back 
transverse direction. Surface 20a has thereon an 20 
elongated flat metallic conductor 25a of electrical en- 
ergy which is referred to herein as the front conductor 
and which in device 10 is provided by a metallic layer 
in the form of a thin layer of copper clad on surface 
20a. The front conductor 25a comprises, as portions 25 
thereof, a front central strip 26a and two leads 27a 
and 28a which are, respectively, left and right front 
leads in relation to the front-to-back transverse direc- 
tion. 

Front central strip 26a has a horizontal center line 30 
31a and is axially symmetrical about a vertical axis 32 
for board 15 and has a central location on front sur- 
face 20a in that the strip is located vertically inter- 
mediate the top and bottom margins 21a, 22a and 
horizontally intermediate its left and right side mar- 35 
gins 23a, 24a. The strip 26a has lower and upper 
edges 33a, 34a and an expanse 35a between those 
edges, and the strip extends longitudinally between 
left and right hand ends 36a, 37a thereof at which the 
leads 27a and 28a have respective junctions with the 40 
strip 26a. 

The leads 27a, 28a have respective edges 38a, 
39a and 40a, 41a and respective expanses 42a, 43a 
between those edges, and those leads are, (FIG. 2), 
narrower in breadth than central strip 26a. Outward 45 
of its junction with the center strip 26a, the left hand 
front lead 27a has a downwardly slanting section 30a 
which extends substantially linearly downward and 
longitudinally outward, to slant, at a downward angle 
to center line 31 a, to a vertical section 44a of lead 27a so 
extending down to a lower end or termination 29a of 
the section at the bottom margin 22a of the front sur- 
face 20a, such termination 29a constituting a port for 
lead 27a. The right hand front lead 28a, however, ex- 
tends, outward of its junction with the center strip 55 
26a, first upwardly and longitudinally outward over a 
section 45a of the lead to slant at an upward angle to 
centerline 31a. Then the lead has a level section 46a 



which is followed by a section 47a slanting down- 
wards and outwards to a vertical lead section 48a ex- 
tending down to a lower end or termination 49a of sec- 
tion 48a at the bottom margin 22a of the front surface 
20a, such termination constituting a port for the lead 
28a. Lead sections 30a and 44a form a dogleg lower 
portion for lead 27a while lead portions 47a and 48a 
form a dogleg lower portion for lead 28a. 

The front surface 20a has thereon not only the 
strip conductor 25a but, also, three metallic expanses 
50a, 51a and 52a constituting respective ground 
plane regions and provided by a metallic layer in the 
form of a thin copper layer clad on that surface. Re- 
gion 50a is a central front region disposed in a central 
portion of board 15 below the front central strip 26a 
and longitudinally between the left and right front 
leads 27a and 28a. On its lower side, region 50a ex- 
tends down to a termination 53a thereof at the bottom 
margin 22a of the surface 20a. A notch-shaped void 
77a extends from that bottom margin into the metallic 
expanse of region 50a. On its upper side, the region 
50a has edges 54a, 55a, 56a which are separated by 
gaps 57a, 58a, 59a from respectively the lower edge 
38a of lead 27a, the lower edge 33a of central strip 
26a and the lower edge 40a of the lead 28a. As shown 
by FIG. 2 the region 50a on its right hand side has an 
upwardly projecting head 60a of such shape that, 
near the junction, at the strip end 37a, of lead 28a with 
central strip 26a, the gap 59a between the edge 56a 
of region 50a and the lower edge 40a of lead 28a has 
a pinch 61a and is much narrower in width at that 
pinch than the width of gap 59a at a greater distance 
along lead 28a away from that junction. 

The region 51a is a left front region disposed on 
surface 20a leftward of leftf ront lead 27a and extend- 
ing down to a termination 62a of the region at the bot- 
tom margin 22a of front surface 20a. A notch-shaped 
void 76a extends from that bottom margin into the 
metallic expanse of region 51a. Region 51a has a 
slanting angulated edge 65a separated by a gap 66a 
from the upper edge 39a of the lead 27a. That edge 
65a is shaped to provide, near the junction, at strip 
end 36a, of lead 27a with strip 26a, a pinch 67a at 
which the width of gap 66a is much narrower than it 
is farther away along lead 27a from that junction. The 
slanting edge 65a intersects at about the level of the 
top edge 34a with an edge 68a of region 51a rising 
wholly vertically to the top margin 21 a of front surface 
20a. 

The region 52a is a right front region disposed on 
surface 20a right ward of right front lead 28a and ex- 
tending down to a termination 70a of the region at the 
bottom margin 22a of the surface 20a. The region 52a 
has an angulated edge 71a separated by a gap 72a 
from the upper edge 41 a of the lead 28a. At a point 
above the junction, at strip end 37a, of that lead with 
central strip 26a, the edge 71a intersects with an 
edge 73a of region 52a rising wholly vertically to the 
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top margin 21a of front surface 20a. The vertical 
edges 68a and 73a of, respectively, regions 51a and 
52a and the upper horizontal edge 34a of central strip 
26a define and bound on surface 20a a relatively 
large bare area 75a above the central strip. s 

The coupler assemblage 11 has formed therein a 
plurality of plated-through holes or vias of which ones 
are designated in FIG. 2 as holes 80-89 and others as 
holes 90-98 while still others remain undesignated. 
Hole 89 lies on the vertical axis 32 of board 15, and w 
holes 80-88 and 90-98 lie, respectively to the left and 
right of that axis. Holes 80-88 and 90-98 are symmet- 
rically distributed relative to axis 32. That is, holes 85 
and 95, say, are at the same height and are equidis- 
tant from axis 32, the same is true of holes 87 and 97, 1 s 
and so on. Each of holes 80-89 and 90-98 and the un- 
designated holes has a front opening in one of the 
front ground plane regions 50a, 51a, 52a, and each 
such hole passes transversely from that opening and 
region through board 15 and then through a metallic 20 
back ground plane region (later described in more de- 
tail) on the back surface 20b of the board to a back 
opening of such hole in that back ground plane region. 
Further, the interior bounding wall provided for each 
hole by the dielectric material 1 6 of board 1 5 is coated 25 
with copper to provide a conductive path for electricity 
through that hole. Thus, each of plated-through holes 
80-89 and 90-98 and the undesignated holes electri- 
caJiy connects a metallic ground plane region on the 
front of board 15 to a metallic ground plane region on 30 
the back of the board. More details will be later given 
of such connections. 

The coupler assemblage 1 1 is mounted on the top 
of connector assemblage 12 and stands vertically up 
from that latter assemblage. That connector assenv 35 
blage comprises a connector substrate or body of di- 
electric material which in device 10 takes the form of 
a mother or support board 110 having lower and upper 
surfaces 108, 109. The connector or support board 
1 10 and the coupler board 1 5 together provide an in- 40 
siiatrve base unit for carrying the metallic elements 
of the directional coupler device 10. The board 110 
has on its bottom surface 108 a metallic layer 112 
which may be formed, say, of copper clad on that sur- 
face and which provides the main ground plane region 45 
on board 110. The board 110 also, has, however, on 
its upper surface 109 a central rectangular expanse 
provided by a layer of copper coated on that upper 
surface and providing a supplemental ground plane 
region 113. The longitudinal extent of that region is so 
preferably as shown in FIG. 3 rather than FIG. 2. 

Similar smaller supplemental ground plane re- 
gions 114, 115 and 116, 117 are provided to the left 
and right of, respectively, the central supplemental 
ground plane region 113. The upper ground plane re- 55 
gions 1 1 3-117 of board 110 are electrically connected 
to its lower ground plane region 112 on the front side 
of device 10 by plated-through holes 118a passing 



through board 110 to the front of the vertical coupler 
assemblage 11. 

For purposes of electrically connecting the cou- 
pler assemblage 11 to circuitry external to device 10, 
the support board 110 has four parallel metallic con- 
nector strips 120, 121, 122, and 123 extending trans- 
versely on the upper surface 1 09 of the board. The 
four strips 120, 121 , 122 and 123 register at the front 
side of coupler assemblage 11, and in its longitudinal 
dimension, with, respectively, the center of void 76a, 
the termination 29a of the lead 27a of strip conductor 
25a, the center of void 77a, and the termination 49a 
of the lead 28a of strip conductor 25a. Because con- 
nector strips 120 and 122 are isolated by voids 76a 
and 77a from the ground plane regions 51 a, 50a on 
the front side of coupler board 15, those strips can 
and do pass beneath the front side of the board 15 
without being grounded by coming into contact with 
one of those ground plane regions. 

The connector strips 121 and 123 are, however, 
not so electrically isolated from the coupler board 15 
on its front side. Rather those connector strips 121 
and 123 are electrically connected by solder beads 
125a and 126a to, respectively, the terminations 29a 
and 49a of the left and right front leads 27a and 28 of 
the front strip conductor 25a. Other solder beads 
1 30a are used to electrically connectthe front ground 
plane regions 50a, 51a, and 52a on the coupler board 
15 to the ground plane regions 113-117 on the upper 
side of support board 110. 

Turning now to FIG. 3 which shows the back side 
of device 10, the back surface 20b of the coupler 
board 1 5 has thereon (a) a flat elongated metallic con- 
ductor 25b comprising, as portions thereof, a back 
central strip 26b and two back leads 27b and 28b, and 
(b) metallic expanses 50b, 51 b and 52b constituting 
respective back ground plane regions on that back 
surface. The back surface 20b and the elements 25b- 
28b and 50b-52b are (as will be apparent from a com- 
parison of FIGS. 2 and 3) substantial duplicates of 
their counterpart elements on the front side of board 
15. There is, however, an important difference in the 
nomenclature used herein to describe such elements 
which are, respectively, on the front side and the back 
side of the board. That is, it was earlier stated that the 
front-to-back transverse direction will be used herein 
as a reference direction in describing left-relations 
between elements of the coupler device 10. Using 
that front-to-back direction as the criterion for deter- 
mining which elements are "left" and "right" in relation 
to each other, the back leads 27b and 28b are referred 
to herein as right and left back leads, respectively, 
even though they appear to have the opposite hand- 
edness in FIG. 3 (but not in FIG. 4). Similarly, the back 
ground plane regions 51 b and 52b are referred herein 
as being right and left back ground plane regions al- 
though they appear to have the opposite relation in 
FIG. 3 (but not in FIGS. 1, 2 and 4). The same ap- 
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proach to the left-right relation is used for other ele- 
ments shown in FIG. 3. 

Some differences of the back side of device 10 
from its front side are as follows. In FIG. 3, the con- 
nector strips 122 and 120 on support board 110 are 5 
terminated on the back side of device 10 by stub 
lengths of those connectors which are electrically 
connected by solder beads 126b and 125b to the ter- 
minations 49b and 44b of, respectively, the left back 
lead 28b and right back lead 27b. The various solder 1 o 
beads 125, 126 and 130 on the front and back sides 
of board 15 provide mechanical bonds by which the 
coupler assemblage 11 is fastened to the support as- 
semblage 12. 

Referring back to FIG. 1 , the coupler device 1 0 is 1 5 
shown as being connected at its front side to circuitry 
1 34 external to the device. Specifically, the connec- 
tors strips 121 and 123 are shown as electrically con- 
necting the left and right hand ends of the strip con- 
ductor25a to, respectively, the elements belonging to 20 
external circuitry 134 of (a) a 50 ohm source 135 of 
microwaves, and (b) a circuit means 136 offering a 50 
ohm resistance seen by that conductor at Its right 
hand end. The strips 120 and 122 electrically connect 
the left and right hand ends of the strip conductor 25b 25 
to elements of circuitry 134 consisting of, respective- 
ly, (c) a 50 ohm termination 137 of that conductor at 
its left hand end, and (d) a 50 ohm load 138 for the 
microwave energy transferred from conductor 25a to 
conductor 25b. Thus, the connector strips 121, 123, 30 
122 and 120 on the support board 110 serve to pro- 
vide for the entire device 10 the signal ports known 
as, respectively, the input port, the thru port, the iso- 
lation port, and the coupled forward port. Consider- 
ing, however, the coupler board 11 alone (i.e., without 35 
the assemblage 12), the lead terminations 29a, 49a, 
29b and 49b provide, respectively, for the board de- 
vice its input port, thru port, isolation port and coupled 
forward port 

Because any of the connector strips 120-123 can 40 
pass beneath coupler assemblage 11 and, in so do- 
ing, be protected by one of the notch-shaped voids 
76a, 76b, 77a, 77b from being grounded by contact 
with one of the ground plane regions on that assem- 
blage, any of those connector strips can extend on 45 
support board 10 (beyond a stub length of the strip) 
away from the coupler board 15, either in the front-to- 
back transverse direction or the back-to-front trans- 
verse direction. Thus, the coupler device 10 is flexible 
in its connectability in that it is not limited to being so 
electrically connected to external circuitry on only the 
front side (or only the back side) of the device. As just 
one example of that flexibility, in lieu of what is shown 
by the figures, connector strip 123 may extend, from 
a stub length thereof on the front side of board 15, be- 55 
neath the board 1 5 and notch-shaped void 76b and 
thence on support board 10 rearward to an electrical 
connection of that strip with the external circuit ele- 



ment 136 located to the rear of device 1 0. Also, con- 
nector strip 120 may extend on support board 110, 
away from coupler board 15, rearward to an electrical 
connection of strip 120 with the external circuit ele- 
ment 138 located to the rear of device 10. Device 10 
has that versatility in its connectability to external cir- 
cuitry because, as stated, any of connector strips 
120-123 can pass beneath board 15 and, in so doing, 
are protected by the notch-shaped voids 76, 77 on 
board 15 from being grounded. 

Some features of the coupler assemblage 1 1 not 
yet mentioned are as follows. The dielectric material 
16 of the board 1 5 is a ceramic filled polytetraf louro- 
ethylene material with a dielectric constant of 10.5. 
The thickness of the dielectric material is .64mm 
(0.025") and the metallic layers on the transversely 
opposite sides of board 15 are provided by 1/2 OZ. 
copper cladding. Originally those layers completely 
coated both of those sides of the board, but such orig- 
inally continuous layers have been etched to form the 
flat conductors and ground plane regions on such 
sides. 

The central strips 26 on board 15 have a longitu- 
dinal length of 2cm (0.8") and a width of 1.3mm 
(0.05") and are spaced from the near edges 55 of the 
central ground plane regions 50 by strip-bordering 
gaps 58 having a width of 1.8mm (0.07"). The leads 
27 and 28 of the strip conductors have a width 
of .58mm (0.023"). The strip conductors 25 and 
ground plane regions 50-52 on board 1 5 have thereon 
an anti-oxidant coating (not shown) which may be 
gold or a tin-lead composition or other composition. 

Some other dimensions and values are now giv- 
en. As shown in FIGS. 2 and 3, the lead-bordering 
gaps 57 and 66 and the lead-bordering gaps 59 and 
72 to either side of, respectively, the front and back 
leads 27 and the front and back leads 28 are gaps 
which (except where, narrowed to the described 
pinches 67 and 61 , of respectively, gaps 66 and 59) 
are substantially greater in width than such leads. It 
follows that, since those leads have a width of .58mm 
(0.023") which is about the same as the .64mm 
(0.025") thickness of the coupler board 15, FIGS. 2 
and 3 disclose that the mentioned gaps have (except 
at their pinches, if any) a width value substantially 
greater than the thickness value of the board. In point 
of fact, the gaps 57 and 72 and the gaps 66 and 59 
(except at their pinches 67 and 61) have a width of 
1.3mm (0.050") which is twice the .64mm (0.025") 
thickness of the boards. At their pinches 67 and 61, 
the gaps 66 and 59 have widths which are in the range 
from .013mm (0.0005") to .25mm (0.010"), and 
which are smaller in value than the board thickness. 

The overall length of the board is about4.7625cm 
(1.875"), and the overall width of the board is about 
1.232cm (0.485"). Board 15 is thus less than half as 
high as it is long. 

Reference is now made to FIG. 4 for a showing 
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of mechanical and electrical characteristics of the as- 
semblage 11 which contribute to its functioning as a 
microwave directional coupler. FIG. 4 is schematic in 
the respect that the conf iguration for some of the ele- 
ments shown thereby (as, for example, the flat con- s 
ductor lead portions 27 and 28) differs somewhat 
from the configuration shown by FIGS. 2 and 3 for 
those same elements. To the extent that there are 
such differences, FIGS. 2 and 3 show the preferred 
configuration. 10 

in FIG. 4, areas on the figure which are only stip- 
pled represent only areas of ground plane regions on 
the front side of cou pier board 1 5, areas on the figure 
which are only filled with small crosses represent only 
areas of ground plane regions on the back side of cou- 15 
pier board 15, and areas on the figure which are both 
stippled and contain small crosses represent areas of 
overlap through the thickness of board 15 between 
ground plane regions 51a and 50b, and between 
ground plane regions 50a and 51 b. 20 

Considering now the elongated longitudinally ex- 
tending horizontal bar designated in FIG. 4 by the ref- 
erence numeral 26, that bar represents both the front 
central strip 26a of strip conductor 25a (FIG. 2) and 
the back central strip 26b of the strip conductor 25b 25 
(FIG. 3). Those two central strips lie in parallel planes 
and register with each other through the thickness of 
the substrate provided by board 15. In such connec- 
tion what is meant herein by the statement that two 
elements on opposite front and back sides of a sub- 30 
strate (exemplified by board 15) are "in registration 
through the thickness of the substrate 0 (or a similar 
statement such as that the two elements are "over- 
lapping through the board") is that, if the area occu- 
pied by the front element over the front side of the 35 
substrate is projected through the substrate to its 
back side to form on such back side an image of such 
front side area, the area of such image will fully or 
partly overlap with the actual area occupied over 
such backside by the back element In the case of the 40 
substrate exemplified by board 15 which has in the 
transverse direction front and back sides which are 
parallel and planar and spaced from each other by a 
constant thickness of the substrate, the direction of 
projection taken from any point within the front side 45 
area (in order to form the mentioned image of that 
area) is a direction which coincides exactly with such 
transverse direction. In other cases, however, (e.g., 
where the front and back sides of the substrate are 
planar but non-parallel (or one or both are non-planar) so 
the projection from any point within the mentioned 
front side area to the substrate's back side in order to 
form the mentioned image is effected in the direction 
through the substrate which yields, between that 
point and the corresponding point on the image, the 55 
smallest thickness of the substrate as measured by 
the distance between those two points. 

The central strips 26a and 26b are, by virtue of 



being in full registration through the thickness of 
board 15, broadside coupled with each other, electro- 
magnetically speaking. Moreover, each of those cen- 
tral strips is electromagnetically coupled with both of 
the central ground plane regions disposed below 
those strips on the board. That is, front central strip 
26a is, by a quasi-coplanar wave guide effect, cou- 
pled through the dielectric material of board 15 to 
back central region 50b and, also, is coupled, partly 
through that material and partly by a coplanar wave 
guide effect to the front central region 50a The back 
central strip 26b is coupled in a similar manner, both 
to the front central region 50a and the back central re- 
gion 50b. 

if desired, the front and back surfaces 20a, 20b 
of board 15 may have additional ground plane regions 
thereon provided by metallic expanses (not shown) in 
the form of rectangular bars extending on front and 
back surface areas 75a, 75b between the shown left 
and right ground plane regions 51 and 52, such bars 
being integrally joined with those shown regions, and 
being spaced by gaps from the central strips 26a, 26b 
lying below them. Such additional ground plane re- 
gions will, if present, increase the coupling between 
the strips 26a, 26b and ground with the possible con- 
comitant, however, of diminishing the coupling be- 
tween those strips themselves. 

Turning now to the leads for the flat conductors 
25a, 25b and considering first the left hand leads 27a, 
28b, those leads follow respective paths which di- 
verge on board 1 5 from each other, outward from the 
junctions, at the strip ends 36a, 37b of those leads, 
with strips 26a, 26b. The result is that, outward of 
those strip ends the lead 27a and its associated line- 
bordering gaps 57a, 66a to either side of that lead are 
non-overlapping through the thickness of board 15 
with the lead 28b and its associated line-bordering 
gaps 72b, 59b to either side of lead 28b and, there- 
after, diverge more from each other for a while, and 
never come into overlapping relation. Such diver- 
gence of the respective paths of the left leads 27a and 
28b permits, however, each of those leads over most 
of its length to be in full registration through the thick- 
ness of the board with an area of a ground plane re- 
gion on the opposite side of the board. That is, and as 
shown by FIGS. 4, 5 and 6, the left lead 27a on the 
front of board 15 overlaps through the board with an 
area of ground plane 50b on the back of board 1 5 for 
the leads, full length exceptforasmall portion of such 
lead at its termination 29a and for another short por- 
tion 140a of that lead near its junction 36a with central 
strip 26a Similarly the left lead 28b on the back of 
board 15 is in full registration through the board with 
an area of left front ground plane region 51 a except 
for a small portion of such lead at its termination 49b 
and for another short portion 141b of that lead near 
its junction 37b with central strip 26b. 

Accordingly, each of the left lead portions 27a 
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and 28b (of strip conductors 25, 25b) on the front and 
back side, respectively, of board 15 is, over most of 
its length, in registration through the thickness of the 
board with a ground plane region on the opposite side 
of the board so as to have with that region a broadside 5 
coupling akin to that existing in microstrip transmis- 
sion line. The end portions 140a and 141b of those 
leads do not, however, overlap through the thickness 
of the board with any area of any ground plane region. 
That is so of necessity because the only way for such 10 
overlap to be produced would be, in the case of lead 
portion 140a to have the head 60b (FIG. 3) of back 
central ground plane region 50b modified to join back 
central strip 26b at junction 37b and, in the case of 
lead portion 141 b, to have left front ground plane re- 15 
gion 51a (FIG. 2) modified to join front central strip 
26a at junction 36a, but either such joinder would 
ground the "joined-to" central strip to render the cou- 
pler device 10 inoperable. 

The inability to broadside couple the mentioned 20 
lead portions 140a and 141b with ground plane re- 
gions on the opposite sides of board 1 5 is compensat- 
ed for by, in the case of portion 140a, providing on the 
front side of board 15 (FIGS. 2, 4, 6) in the gap 66a 
the pinch 67a between lead 27a and left ground plane 25 
region 51a, and by, in the case of portion 141b, pro- 
viding on the back side of board 15 and in the gap 59b 
(FIGS. 3, 4, 6) the pinch 61b between the lead 28b 
and the head 60b of the back central ground plane 
50b. Because of the narrow widths of those pinch 30 
gaps 67a and 61 a the left front lead 27a over its end 
portion 140a becomes coupled by a coplanar wave 
guide coupling with the front left ground plane region 
51a on the same side of board 15 as that lead, and 
the left back lead 28b over its end portion 141b be- 35 
comes coupled by a coplanar wave guide coupling 
with the back central ground plane region 50b. 

What has been set out above regarding the left 
lead portions 27a and 28b of the flat conductors 25a 
and 25b applies equally, mutatis mutandis, to the right 40 
lead portions 28a and 27b for those strip conductors. 
That is, those right lead portions follow divergent 
paths to result in being non-overlapping through the 
thickness of the board at a short distance from their 
junctions with their corresponding strips 26a and 26b, 45 
and by remaining so non-overlapping thereafter with 
progress away from such junctions. Further, the right 
front lead 28a is, over most of its length, in registra- 
tion through the thickness of board 15 with an area of 
the ground plane region 51 b on the back of the board, so 
and the right back lead 27b is, over most of its length, 
in registration through the thickness of the board with 
an area of the front central ground plane region 50a. 
The right leads 28a and 27b are thus broadside cou- 
pled over most of the length of each with a ground 55 
plane region on the opposite side of the board from 
that lead. 

Those leads 28a and 27b have, however, (FIGS. 



4, 5 and 7) end portions 141a and 140b near the junc- 
tions of those leads with central strips 26a and 26b, 
and which end portions 141a and 140b are (a) sepa- 
rated by narrow pinch gaps 61a and 67b from, respec- 
tively, the front central ground plane region 50a and 
the back ground plane region 51 b, and are (b) respec- 
tively coupled by coplanar wave guide couplings to 
those ground plane regions 50a and 51 b on the same 
side of board 1 5 as, respectively, such lead portions 
141a and 140b. 

The plated-through holes 80-89 and 90-98 (and 
the other plated-through holes shown by the draw- 
ings), perform the useful electrical function of short- 
ening the return paths for R.F. currents flowing 
through the ground plane regions. For example, the 
holes which extend in a row (FIG. 2) just below the up- 
per edges 55 of the central ground plane regions 50 
(and which holes include holes 87-89 and 97) permit 
R.F. current produced near those upper edges by the 
field coupling of those regions with central strips 26a, 
26b to flow close to those edges between front region 
50a and back region 50b without having to be de- 
toured down to the supplemental ground plane 113 on 
mother board 110 in order to effect such current flow 
between the edges of those regions. 

From the example given, it will be evident that the 
plated-through holes in board 15 electrically intercon- 
nect the ground plane regions on the board indepen- 
dently of any connection of any of those regions to the 
supplemental ground planes 113-117 on the top of 
support board 110. Such interconnection of the 
ground plane regions on board 15 by plated-through 
holes in the board itself serves to shorten consider- 
ably the return paths for R.F. currents in those re- 
gions (as compared to the lengths those paths would 
have if such regions on board 15 could be intercon- 
nected only through the ground plane regions on sup- 
port board 110) and, thereby, to reduce losses in, and 
otherwise promote the efficiency of, the coupler de- 
vice 10. 

It will be appreciated from the foregoing descrip- 
tion that the coupler device 10 comprises a pair of 
two-conductor transmission lines, each including sig- 
nal conductor means and ground conductor means, of 
which respective signal conductor means for those 
two lines are provided by the flat conductors 25a and 
25b on opposite surfaces of the substrate means 15 
for the device 10, and of which the ground conductor 
means for those lines are provided by ground plane 
regions, such two transmission lines having portions 
which are electromagnetically coupled with each 
other to effect transfer of microwave energy from one 
to the other of such lines. The provision in the coupler 
device of having ground plane regions on the same 
surfaces of the coupler substrate or body of the de- 
vice as are the mentioned flat conductors is a feature 
which conserves the materials required to be includ- 
ed in the coupler in order to realize a desired function- 



0671776A1 I > 



13 



EP 0 671 776 A1 



14 



ing thereof, and which, moreover, promotes the ease 
and inexpensiveness of manufacture of the coupler 
device. 

To describe further some of the features of the 
coupler device 10, it will be noted from FIGS. 4 and 5 5 
that the full lengths of the various leads on board 15 
extend from their junctions with their corresponding 
central strips to the ports at which those leads termin- 
ate at the bottom margin of the board. The left front 
and back leads 27a and 28b are unequal in length 10 
and, likewise, the right front and back leads 28a and 
27b are unequal in length. Such inequality in length 
facilitates a layout for the paths followed by the leads 
which will enable them to extend from such junctions 
to such ports without any lead, over at least most of 15 
its extent, having any overlap through the board with 
any other lead. 

The flat conductors 25a and 25b have the same 
overall lengths. Those lengths are measured for con- 
ductor 25a between and including the ports 29a and 20 
49a and, for conductor 25b, between and including 
the ports 29b and 49b. It is preferable (although not 
necessarily) desirable that, in a hybrid coupler, the 
two conductors which are coupled together have such 
equal overall lengths in order, if nothing else, to sin> 25 
plif y the work of designing the coupler. 

In order, however, to attain both of the desirable 
features of having the conductors 25a and 25b equal 
in overall length and, concurrently, having unequal 
the lengths of the left leads as to each other and the 30 
length of the right leads as to each other, it is neces- 
sary that, in each of the conductors 25a and 26b, the 
left and right leads therein have respective lengths 
unequal to each other, as is the case in coupler 10 
with those conductors. Such inequality leads, of 35 
course, to the feature that, on board 15, the longitu- 
dinal centers 32 of the central strips 26 do not coin- 
cide with the respective midpoints 145a, 145b of the 
overall lengths from port to port of the conductors 25a 
and 26b. Instead, the strip centers 32 are offset from 40 
such midpoints which have a location on the longer 
lead 28 of the two leads included in each of the flat 
conductors 25. 1 have found that to have such broad- 
side coupled portions 26 of the coupled conductors 
25 not at the midpoints 145 of the overall lengths of 45 
such conductors is an asymmetry which produces no 
significant adverse effect on the operation of the cou- 
pler. 

To have the leads on the coupler board be un- 
equal as described above is often advantageous in so 
that, for example, it permits greater freedom of design 
of the layouts on the board of the leads and the 
ground plane regions. It is not, however, required by 
the invention, considered broadly, that there be pres- 
ent any of the described lead inequalities. 55 

Considering now in further detail the central 
strips 26a and 26b, the end portions 36a and 37a of 
strip 26a have the shapes (FIGS. 2, 6, 7) of congruent 



isosceles triangles having their vertex angles point- 
ing away from the longitudinal center of the strip. 
Also, the end portions 36b and 37b of strip 26b have 
the shapes of isosceles triangles (FIG. 3) which have 
their vertex angles pointing away from the center of 
strip 26b, and which are congruent with each other 
and the triangles formed by portions 36a, 37a. The tri- 
angular portions 37b and 36b of strip 26b are directly 
behind, through the board in the front-to-rear trans- 
verse direction, with, respectively, the triangular por- 
tions 36a and and 37a of strip 26a so that there is no 
point within any of those triangles which does not 
overlap through the board with a corresponding point 
in another of those triangles. Thus, those triangular 
portions partake in the broadside coupling together of 
conductors 25a, 26a through their central strips 26a, 
26b. Such full overlapping within the triangular por- 
tions 36a, 37b, 37a, 36b does not occur outward of 
those portions in the direction away from the centers 
of strips 26a, 26b. 

Referring to FIG. 6, on the front surface of the 
board, the lead 27a has a junction 1 50a with the lower 
side of the triangle defined by strip end portion 36a, 
the location of such junction being indicated by a dash 
line. With regard to the transmission line provided by 
conductor 25a on the front surface of the board and 
the metallic portion opposite it on the back surface of 
the board, the lead 27a extends continuously to strip 
26a but the ground conductor provided by the portion 
opposite lead 27a of region 50b does not extend all 
way on the board's back surface to strip 26b. That is 
so because the gap 61 b which borders lead 28b sep- 
arates that portion of ground plane region 50b from 
strip 26b and opposite through the board with the end 
portion 140a of lead 27a, and the gap 61b determines 
the length along conductor 25a of portion 140a, which 
length is equal to the width of gap 61 b. Because the 
microstrip coupling of conductor 25a is, by definition, 
with grounded metallic portions on the opposite side 
of board 15, such microstrip coupling ends, technical- 
ly speaking, at the edge of gap 61 b away from the 
central strip 26a. Notwithstanding such ending, the 
transmission line provided by conductor 25a and met- 
allic portions on the board's back surface 20a will not 
have an "open" looking toward strip 26a when the line 
reaches gap 61b since electric field lines from lead 
end portion 140a can bridge that gap to terminate on 
central strip 26b, and that strip while not grounded, 
is broadside coupled with central strip 26a to provide 
by the two strips a continuation beyond lead 27a of 
the transmission line including signal conductor 25a. 
The presence, however, of gap 61b existing between 
strip 26b and the portion of ground plane region 50b 
opposite lead 27a introduces into such transmission 
line an electrical and mechanical discontinuity which, 
if not compensated for, would produce an anomaly in 
the impedance of the line. 

Similar discontinuities exist between the trans- 
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mission lines provided by the other leads on the board 
and the portions opposite them of ground plane re- 
gions on the other side of the board from those leads. 
Specifically, lead 28b on the back surface of the 
board has a junction 151b (FIG. 6) with the upper side 5 
of the triangle defined by end portion 37b (FIG. 3) of 
strip 26b, but the portion of ground plane region 51 a 
opposite lead 27b on the front surface of the board is 
separated, from the upper side of the triangle defined 
by end portion 36a of strip 26a, by the gap 67a which 10 
is opposite the end portions 141 b of lead 28b and de- 
termines the length along lead 28b of portion 141 b be- 
cause such length equals the width of gap 67a. Fur- 
ther, on the right hand side of board 1 5, lead 28a (FIG. 
7) has a junction 151a with the upper side of the tri- 15 
angle defined by strip end portion 37a, but the portion 
of region 51b which though the board is opposite lead 
28a is separated by gap 67b from the upper side of 
the triangle defined by end portion 37b (FIG. 3) of 
strip 26b. Still further, lead 27b has a junction 1 50b 20 
(FIG. 7) with the lower side of the triangle defined by 
strip end portion 37b, but the portion of region 50a 
which, though the board, is opposite lead 27b is sepa- 
rated by gap 61a from the lower side of the triangle 
defined by strip end portion 37a. 25 

Thus, the lines, provided by leads 27 and 28 and 
the ground plane regions opposite them through the 
board, have the discontinuities just described in such 
lines. This discontinuities are, however, compensated 
for in a manner which is the same for all the transmis- 30 
sion lines, but which is exemplified by the line includ- 
ing lead 27a now to be considered. 

Referring to FIGS. 4 and 5 and considering the 
portion of lead 27a designated as section 44a, for a 
small distance extending from the bottom margin 22 35 
of board up to the top of void 77b, the front lead 27a 
is absent a ground plane region portion opposite it 
through the board, and such absence can, if desired 
be compensated for by utilizing the expedient of nar- 
rowing over that distance the gaps 57a, 66a to either 40 
side of lead 27a, down to very small widths as sug- 
gested by the FIG. 4 showing. It has been found, how- 
ever, that it is unnecessary to resort to such expedient 
for purposes of avoiding an anamaious impedance in 
the transmission line, and that such narrowing of the 45 
gaps 57a, 66a sometimes creates difficulties in pre- 
venting grounding of the solder connection made be- 
tween lead 27a and connector strip 121 (FIG. 2). 
Hence, it has been found preferable not to employ 
such expedient, and to provide that gaps 57a, 66a so 
have their full widths at the very bottom 22 of the cou- 
pler board. 

Whether or not such expedient is adopted, the 
gaps 57a and 66a bordering lead 27a will have their 
full widths over a greater extent of the full length of 55 
lead 27a as one proceeds from the end of that lead 
at port 29a to the junction 150a of that lead with cen- 
tral strip 26a. The presence over that extent of the 



lead 27a itself, the dielectric board 15, the regions 
51a and 50a in the same plane as lead 27a and the 
gaps 66a, 57a provide, together, the structure which 
is shown in FIG. 8, and which has the elements nec- 
essary to create a double-sided coplanar wave cou- 
pling for transmitting microwaves along the lead in 
the instance where it mostly overlaps through the 
board with portions of ground plane regions on the op- 
posite side of the board. Whether or not, however, 
such elements are sufficient to create such a cou- 
pling depends on the effect of a number of factors in- 
cluding the dielectric constant of the material of the 
board, the width of the lead in relation to the board 
thickness (which determines the distance of the lead 
from the ground plane region 50b on the opposite side 
of the board) and, as an important parameter here, 
the ratio of the widths of gaps 66a and 57a to the 
board thickness which determines that distance. An 
increasing of those gap widths in relation to such 
thickness tends to inhibit the creation of an effective 
coplanar wave guide for microwave transmission, the 
converse being true for a decreasing of such gap 
widths in relation to such thickness. As an empirical 
rule, in order to insure that microwave transmission 
over that greater extent of lead 27a will at least be pri- 
marily by microstrip wave guide coupling as com- 
pared to coplanar wave guide coupling, the widths of 
gaps 66a and 57a should be enough greater than the 
thickness of board 15 to yield that result when other 
factors are taken into account. As stated the gaps 66a 
and 57a have, over at least most of their extents, a 
width which is twice the board thickness, and that ra- 
tio causes, in the case of board 15, the transmission 
of microwaves over such extents of the leads to be 
substantially entirely by a microstrip wave guide cou- 
pling of the leads as will now be described. 

FIG. 8 depicts the operating characteristic of the 
coupler device 1 0 over such greater extent of lead 27a 
(and all the other leads). Specifically, the transmis- 
sion of microwaves over such greater extent of that 
lead is substantially entirely by a microstrip wave 
guide coupling of lead 27a to ground plane region por- 
tions on the opposite side of the board, as distinct 
from a coupling of lead 27a to regions 50a and 51a. 
That is, any microwave electromagnetic field in the 
coplanar mode is very feeble as represented in FIG. 
8 by the connection shown therein of lead 27a to each 
of regions 50, 51 a by only one coplanar electric field 
line designated Ec- In comparison, over that greater 
extent of lead 27a, the transmission of microwaves 
along the lead takes place substantially entirely by a 
microstrip wave guide coupling of the lead to ground 
plane region 50b, such effective microstrip transmis- 
sion being represented in FIG. 8 by a shown high den- 
sity of the microstrip electric field lines designated 
E M . That such transmission over that extent of the 
lead by coplanar wave guide coupling is negligible as 
compared to such transmission by microstrip wave 



9 



0671776A1 1 > 



17 



EP 0 671 776 A1 



18 



guide coupling is known from the fact that the 50 ohm 
impedance which is calculated for the transmission 
line including lead 27a on the assumption made in de- 
signing that line that its wave guide coupling will be 
wholly microstrip is a calculated figure which deviates s 
by less than 5% from the measured impedance value 
for that line. 

Some advantages of transmitting microwaves 
along lead 27a primarily by a microstrip wave guide 
coupling of that lead through board 15 with ground 10 
plane region 50b are as follows. First the width of lead 
27a (and the other leads) can be made, for example, 
ten times smaller than if coplanar wave guide cou- 
pling were used. Second, the board 15 can have 
much less thickness than would be needed if the 15 
transmission were to be coplanar. Third, it is not nec- 
essary to be as careful about etching tolerances as if 
the coupling were coplanar. 

Further (and as distinct from the Wong coupler in 
which the broadside coupled pads must each be cou- 20 
pled on both their lengthwise sides with coplanar 
ground plane regions), such microstrip coupling 
avoids the need for, and permits elimination of, wave 
guide couplings of strips 26 on their upper sides with 
ground plane regions above them (in addition to the 25 
described couplings of those strips on their lower 
sides with the ground plane regions 50 below them), 
and the elimination, as shown, of such couplings of 
strips 26 on their upper sides permits the height of 
board 15 to be reduced and a cost saving effected 30 
thereby. 

As was mentioned earlier, the discontinuity 
caused in the transmission line including lead 27a by 
the gap 61b would, if left alone, produce an anomaly 
in the impedance of the line. Such possible problem 35 
caused by that discontinuity is overcome on board 15 
by having the mode of microwave transmission along 
the full length of lead 27a shif tf rom transmission sub- 
stantially entirely by microstrip wave guide coupling 
over a greater extent of lead 27a, to microwave trans- 40 
mission occurring over a lesser extent of lead 27a ad- 
jacent its junction 150a with strip 26a, and a signifi- 
cant part of which transmission is effected by copla- 
nar wave guide coupling. Such transition from one to 
the other mode of transmission along lead 27a is de- 45 
picted in FIG. 9 and is implemented, as earlier descri- 
bed, by narrowing the gap 66a down from its width 
shown in FIG. 8 to the width which it has in the pinch 
67a, and which width is less in value than the thick- 
ness of board 15. Such narrowing of gap 66a causes so 
the lead 27a to have to, over its lesser extent and with 
ground plane region 51a a coplanar wave guide cou- 
pling effective to transmit microwaves along the 
length of the lead to a degree partly or entirely com- 
pensating for the loss in effectiveness of the micro- 55 
strip wave guide coupling near junction 150a due to 
the discontinuity in such latter coupling caused by the 
lead 27a having opposite it through the board, near 



that junction, the gap 61b rather than a ground plane 
region. The occurrence of the described transition is 
represented in FIG. 9 by an increasing, as compared 
with FIG. 8, in the number of coplanar electric field 
lines Ec and a decreasing, as compared with FIG. 8, 
in the number of microstrip electric field lines E M . 

An interesting point with regard to the narrowing 
of gaps on one side of the leads on board 15 down to 
the described pinches in such gaps is that such nar- 
rowing is useful in two respects. That is, the narrow- 
ing of gap 66a, for example, down to pinch 67a pro- 
vides a coplanar wave guide coupling for transmis- 
sion of microwaves along lead 27a to compensate for 
the discontinuity caused by gap 61b in the transmis- 
sion of microwaves along lead 27a by microwave 
wave guide coupling. At the same time, however, the 
presence of gap 66a produces a discontinuity in the 
transmission by microstrip coupling of microwaves 
along lead 28b, but the narrowing of gap 66a down to 
pinch 67a reduces the size of that discontinuity in the 
transmission line including lead 28b. 

An aspect of the mentioned transition is that 
transmission of microwaves along lead 27 is support- 
ed by an electromagnetic field which, with advance 
along lead 27a towards strip 26a, shifts from being 
substantially entirely below lead 27a to being at least 
partly above it as shown by FIG. 9. The plated through 
holes aid in such shift by permitting RF currents orig- 
inally generated in ground plane region 50b by the mi- 
crostrip coupling between it and lead 27a to flow di- 
rectly from region 50b to region 51a to there support 
the coplanar field formed above the latter region. 

The central strip 26a is coupled to the ground 
plane region 50a below it (FIG. 2) and to the ground 
plane region 50b on the opposite side of board 15 by 
respective wave guide couplings of which the first is 
a coplanar coupling and the second can be referred 
to as a quasi-coplanar coupling inasmuch as ground 
plane region 50b is not in the plane of strip 26a but, 
on the other hand, is only slightly displaced from that 
plane. The plated through hole 88 and other such 
holes shown in FIG. 2 as extending through board 15 
just below the upper edges of regions 50a and 50b 
serve to make more effective the coplanar and quasi- 
coplanar wave guide couplings of strip 26a to ground 
plane regions 50a and 50b by providing multiple met- 
allic joinders of these regions together at their upper 
edges so that those regions are, in effect, seen by 
strip 26a as a single thick metallic copper body ex- 
tending all the way through board 1 5. The same holes 
in like manner make more effective the coplanar and 
quasi-coplanar wave guide couplings (not shown) of 
strip 26b to, respectively, the region 50b and the re- 
gion 50a. 

From what has been said, it will be evident that 
the transmission of microwaves along conductor 25a 
undergoes a transition from (a) transmission primar- 
ily by microstrip coupling along lead 27a in which the 
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electric fields produced by such coupling terminate 
on the inner or rearward surface of conductor 25a to 
(b) transmission by a coplanar wave guide coupling 
along central strip 26a in which the electric fields pro- 
duced by such coplanar coupling terminate on the 5 
outer or frontward surface of conductor 25a. A diffi- 
culty in effecting such transition is that RF current 
tends to flow only on the surface of a metallic body 
(such as conductor 25a) rather than through it The 
plated-through hole 86, however, aids in such transi- 10 
tion in a manner of which a simplified explanation is 
as follows. 

Assume that at a point along lead 27a (FIG. 6) 
away from gap 61b, RF current has been caused to 
flow from conductor 25a to ground plane region 50b 1 5 
by the action of the fields produced by the microstrip 
coupling of that lead to that region. Such current will, 
in the vicinity of gap 61b, encounter anomalously high 
impedance in seeking to return to conductor 25a by 
way of the path provided by the fields existing near 20 
that gap between conductor 25a and the metallic por- 
tions opposite it on the board's back surface 20b. As, 
however, an alternate path of return flow to conductor 
25a, such current may and does flow, in the back to 
front direction, from region 50b through hole 86 to the 25 
outer surface of region 50a to help enable and sup- 
port at that outer surface the coplanar coupling of re- 
gion 50a to strip 26a, such current being returned by 
that coplanar coupling to the conductor 25a. The plat- 
ed-through hole 86, by virtue of permitting such RF 30 
current to pass freely from one to the other of loca- 
tions on opposite sides of flat conductor 25a, plays an 
important role in enabling the wave guide coupling of 
conductor 25a to ground plane regions to shift, as de- 
scribed, from microstrip coupling to coplanar cou- 35 
pling. 

The plated-through hole 96 (FIG. 7) performs an 
analogous function to that just described for hole 86 
in aiding the transition of microwave transmission 
over conductor 25b from transmission primarily by 40 
microstrip coupling along lead 27b to transmission by 
coplanar coupling along the strip 26b of conductor 
25b. 

Assume, in connection with hole 84 (FIG. 6), that, 
at a point along lead 28b displaced from gap 67a, RF 45 
current has been caused to flow in the rear to front di- 
rection from lead 28b of conductor 25b to ground 
plane region 51 a by the fields engendered by the mi- 
crostrip coupling between that lead and region. Such 
current will return to conductor 25b by passing so 
through hole 84 in the front to rear direction to the out- 
er surface of ground plane region 50b to thereby help 
enable and support the formation of the coplanar cou- 
pling between such ground plane region 50b and the 
central strip 26b of conductor 25b, that current being 55 
returned to conductor 25b by such coplanar coupling. 
Such passage of current through hole 84 also helps 
to enable and support the coplanar coupling of lead 



28b at pinch gap 61 b (FIG. 3) with ground plane re- 
gion 50b. 

The hole 94 performs in a similar manner, in the 
case of conductor 25a, to aid the transition of the cou- 
pling of that conductor from primarily microstrip cou- 
pling along lead 28a (FIG. 2) to coplanar wave guide 
coupling along strip 26a by helping to enable and sup- 
port the formation of that coplanar wave guide cou- 
pling at the right hand end 37a of strip 26a of conduc- 
tor 25a with ground plane region 50a. Such passage 
of current through hole 94 also helps to enable and 
support the coplanar coupling of lead 28a at pinch gap 
61a with ground plane region 50a. 

The presence of the holes 86, 94 and of the holes 
84, 96 is a factor compensating for the mentioned im- 
pedance anomalies which, to the extent uncompen- 
sated for, would be respectively caused along the 
transmission lines including conductors 25a and 25b 
by, respectively, the gaps 61 b, 67b and the gaps 67a, 
61a. 

As a further matter, the plated through holes 82, 
83 and 92, 93 disposed on board 15, respectively, 
longitudinally between the front and back leads 27a 
and 28b on the leftside of the board and longitudinally 
between the front and back leads 28a and 27b on the 
right hand side of the board are holes which serve not 
only to electrically couple together ground plane re- 
gions on opposite surfaces of the board but, also, to 
prevent extraneous coupling together of the trans- 
mission lines on the longitudinally opposite sides of 
the holes. 

The described coupler assemblage 11 has the 
advantages among others that, because the leads on 
the board and the ground plane regions thereon all 
have terminations at the bottom of the board 15, it is 
very easy to electrically connect coupler assemblage 
11 to external microwave circuitry as, for example, to 
the connector assemblage 12. Another advantage 
among others of coupler assemblage 11 is that be- 
cause all such terminations are on one peripheral 
margin of board 15, the assemblage can be compact 
and cheaper to manufacture than, say, the device of 
the Wong patent 

Some further details of the electrical character- 
istics of the coupler device 10 represented by FIGS. 
1-3 are as follows. The described device is one which 
splits the input power thereto equally into two paths. 
This means that its thru and coupled output ports are 
nominally 3 dB down in power from the power sup- 
plied to the input port of the coupler. The coupler de- 
vice is a 90° quadrature coupler in that the phase of 
R.F. energy which appears at its coupled forward port 
is nominally in 90° phase relation with the phase of 
the R.F. energy supplied to its thru port The coupler 
device 10 is designed for use with microwave energy 
having a frequency of 881 MHz ± 12.5 MHz. 

The invention includes variants of the above- 
described embodiment which, for example, without 
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limitation, are of the following character. The coupler 
substrate of the coupler device is conveniently pro- 
vided by a monolithic body of dielectric material, but 
it may also be provided by a composite body of such 
material. Further, while it is convenient for the oppo- 5 
site surfaces of the substrate which bears the strip 
conductors and the ground plane regions to be paral- 
lel planar surfaces spaced from each other by a con- 
stant thickness between them of the dielectric mate- 
rial of the substrate, it is within the purview of the in- 1 o 
vention for such surfaces to be planar but non-parallel 
or for one or both of them to be non-planar. Still fur- 
ther, the strip conductors and ground plane regions 
may be provided by metallic foils on such surfaces 
rather than by metallic coatings deposited thereon. 15 
While the lead portions of the strip conductors have 
been described as narrower in breadth than the cen- 
tral strip portions thereof, they need not be narrower 
than such central strip portions. The foregoing are 
only a few examples of particular forms of dielectric 20 
coupler devices which are covered by the invention 
hereof. 



Claims 25 

1. A microwave coupler device (10) comprising, a 
horizontally and vertically extending dielectric 
coupler board (15) having thickness in the hori- 
zontal transverse dimension and front and back 30 
surfaces (20a, 20b) separated by said thickness, 
and also having respective peripheries including 
respective longitudinally extending horizontal 
bottom margins (22a, 22b), front and back elon- 
gated metallic conductors (25a, 25b) extending 35 
on, respectively, said front surface and said back 
surface between opposite terminations (29, 49) 
of each conductor which are at the periphery of 
the corresponding surface, said front and back 
conductors respectively comprising front and 40 
back central strips (26a, 26b) centrally located on 
said board and broadside coupled with each 
other through said board, said front and back 
conductors also respectively comprising two 
front leads (27a, 28a) and two back ieads (27b. 45 
28b) having junctions (150, 151) with opposite 
ends of, respectively, said front strip and said 
back strip and extending from such junctions to 
corresponding ones of said terminations on the 
surfaces bearing, respectively, said front con- 50 
ductor and back conductor, front metallic ground 
plane regions (50a, 51a, 52a) and back metallic 
ground plane regions (50b, 51b, 52b) disposed 
on, respectively, said front surface and back sur- 
face to be spaced from the conductor on each 55 
such surface by lead- bordering gaps (57, 66, 59, 
72) beside the leads on that surface, and by strip 
bordering gaps 58 below said strips, said leads 



overlapping over at least most of their full lengths 
with portions of ground plane regions on the op- 
posite surface of said board, and said device be- 
ing characterized by the features that the termin- 
ations (29a, 49a) and (29b, 49b) of, respectively, 
said front leads (27a, 28a) and back leads (28b, 
28b) are all at the bottom margins (22a, 22b) of 
such surfaces and are each longitudinally 
spaced from the others in the length of said board 
(15). 

2. A microwave coupler device as in claim 1 charac- 
terized by the feature that said front regions (50a, 
51a, 52a) and back regions (50b, 51b, 52b) have 
respective terminations on their corresponding 
surfaces (20a, 20b) which are at said bottom mar- 
gins (22a, 22b) of said surfaces, and which are 
spaced in the length of the corresponding surface 
from each other and from the leads on such sur- 
face. 

3. A microwave coupler device as in claim 1 or claim 
2 characterized by the feature that the lead bor- 
dering gaps (57, 66, 59, 72) beside the leads (27, 
28) on each of the front and back surfaces 20 
have widths, over extents of said leads starting at 
their terminations (29, 49) and constituting at 
least most of their full lengths, which are enough 
greater than the thickness of said board (15) to 
provide for transmission of microwaves over such 
extents at least primarily by a microstrip wave 
guide coupling of said leads with portions of said 
ground plane regions with which said leads over- 
lap through said board. 

4. A microwave coupler device as in claim 3 in which 
said lead bordering gaps have widths over said 
extents of said ieads which are at least about 
twice as great as said thickness of said board. 

5. A microwave coupler device as in any of the pre- 
ceding claims in which said leads have, in their 
full lengths, greater and lesser extents adjacent 
to, respectively, said terminations (29, 49) of said 
leads and said junctions (150, 151) of said leads 
with their corresponding central strips 26, said 
device being characterized by the feature that 
iead bordering gaps beside and respective to 
each of leads 27, 28 undergo a transition over, re- 
spectively, said greater and lesser extents of 
such iead from being greater in width to lesser in 
width than said thickness of said board (15). 

6. A coupler device as in any of the preceding claims 
characterized by the features that each of said 
central strips 26 is wave guide coupled with both 
the one of said regions 50 below and on the same 
surface 20 as such strip and the one of said re- 
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gions (50) below such strip and on the opposite 
surface of such board, and in which said strips 26 
have no significant wave guide couplings with 
ground plane regions above said strips. 

5 

7. A microwave coupler device as in any of the pre- 
ceding claims characterized by the feature that 
said device includes a plurality of through-holes 
having metallic walls and passing between 
ground plane regions on opposite ones of the sur- w 
faces 20, said through-holes being disposed in 
spaced relation from each other alongside one or 
ones of the gaps 57, 58, 59, 66, 72 which sepa- 
rate said conductors 25 from said ground plane 
regions. 15 

8. A microwave coupler device as in any of claims 2 
through 7 characterized by the features that the 
terminations (29, 49) of the front leads (27, 28) 

and back leads (27, 28) are electrically connected 20 
with connector strips (120, 121 , 122, 123) on the 
top surface of a horizontal insulative support 
board 110 upon which is mounted the coupler 
board 15, and that the terminations (53, 62, 70) 
of the ground plane regions (50, 51, 52) on the 25 
coupler board are electrically connected by sup- 
plemental ground plane regions (113, 114, 115, 
116. 117) on the top surface of support board 110, 
and by through-holes 118 having metallic walls 
and passing through the support board 110, to a 30 
main metallic ground plane region (112) on the 
bottom surface of board 110. 



front and back central strips (26a, 26b) centrally 
located on said board and broadside coupled with 
each other through said board, said front and 
back conductors also respectively comprising 
two front leads (27a, 28a) and two back leads 
(27b, 28b) having junctions (150, 151) with oppo- 
site ends of, respectively, said front strip and said 
back strip and extending from such junctions to 
corresponding ones of said terminations on the 
surfaces bearing, respectively, said front con- 
ductor and back conductor, front metallic ground 
plane regions (50a, 51a, 52a) and back metallic 
ground plane regions (50b, 51b, 52b) disposed 
on, respectively, said front surface and back sur- 
face to be spaced from the conductor on each 
such surface by lead- bordering gaps (57, 66, 59, 
72) beside the leads on that surface, and by strip 
bordering gaps 58 below said strips, said leads 
overlapping over at least most of their full lengths 
with portions of ground plane regions on the op- 
posite surface of said board, said device being 
characterized by the feature that the bordering 
gaps (57, 66, 59, 72) beside the leads (27, 28) on 
each of the front and back surfaces 20 have 
widths, over extents of said leads starting at their 
terminations (29, 49) and constituting at least 
most of their full lengths, which are enough great- 
er than the thickness of said board (1 5) to provide 
for transmission of microwaves over such extents 
at least primarily by a microstrip wave guide cou- 
pling of said leads with said ground plane regions 
with which said leads overlap through said board. 



9. A microwave coupler device as in claim 8 charac- 
terized by the feature that the lead terminations 35 
(29. 49) at the bottom margins 22 of the front and 
back surfaces of coupler board 15 overlap 
through the board with voids in ground plane re- 
gions on the opposite surface of such board from 
such leads and extending upwards from said bot- 40 
torn margins, such voids permitting said connec- 
tors 120. 121, 122, 123 to pass beneath said cou- 
pler board 1 5 to the vicinity of said terminations 
(29. 49) without contacting any ground plane re- 
gion on said board. 45 



10. A microwave coupler device (10) comprising, a 
horizontally and vertically extending dielectric 
coupler board (15) having thickness in the hori- 
zontal transverse dimension and front and back so 
surfaces (20a, 20b) separated by said thickness, 
and also having respective peripheries, front and 
back elongated metallic conductors (25a, 25b) 
extending on, respectively, said front surface and 
said back surface between opposite terminations 55 
(29, 49) of each conductor which are at the per- 
iphery of the corresponding surface, said front 
and back conductors respectively comprising 
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